ABSTRACT We examined the diversity, habitat preferences, and intraspeciÞc variation of Reticulitermes (Isoptera: Rhinotermitidae) populations within Missouri. Approximately 600 subterranean termite colonies were sampled from paired urban and woodland environments plus home infestations throughout the state. Samples were Þrst identiÞed to species using morphological characters and morphometrics. In addition, a portion of Ϸ428 bp from the 16S rRNA from 365 samples was sequenced to conÞrm morphology-based species identiÞcations and to describe intraspeciÞc genetic variability of Reticulitermes populations in Missouri. Reticulitermes flavipes (Kollar), Reticulitermes virginicus (Banks), Reticulitermes tibialis Banks, and Reticulitermes hageni Banks were found in Missouri. Twenty-one haplotypes of R. flavipes were identiÞed, which represents one of the highest haplotype diversities reported for this species from a single state. Moreover, nine of these 21 haplotypes have not been reported in the United States before this study. Three haplotypes of R. hageni, Þve haplotypes of R. tibialis, and four haplotypes of R. virginicus were identiÞed. The most abundant haplotypes of R. flavipes and R. hageni occur in woodlands, urban environments, and home infestations, suggesting a probable local origin for most of the subterranean termite infestations occurring in Missouri.
Missouri occupies a central continental position between the great grassland biome to the west and the great forest biome to the east, leading to a complex mixture of grassland, savanna, woodland, and forest with a continental type of climate marked by strong seasonality. The state exhibits regional differences in climate with climatic changes following a gradient along a line crossing the state from northwest to southeast (Nigh and Schroeder 2002) . MissouriÕs climatic regime and natural conditions are well suited for the establishment of subterranean termite populations.
Subterranean termites of the genus Reticulitermes (Rhinotermitidae: Heterotermitinae) play an important role in wooded and urban environments throughout the Nearctic Region. Reticulitermes are important decomposers of fallen trees and other dead wood accumulations in native forests of North America (La Fage and Nutting 1978) ; thus, they have an important role in tunneling and wood removal (Gentry and Whitford 1982) . In urban environments, Reticulitermes species are some of the most economically important wood-destroying pests in the United States; they are responsible for an estimated cost of US$2.5 billion/yr in chemical treatment and may reach US$11 billion annually when damage repair is included (Nutting 1990 , Su and Scheffrah 1990 , Lewis 1997 , Su and Scheffrah 1998 , Su 2002 .
Despite the ecological and economic importance of Reticulitermes, the diversity, geographical distribution, and habitat preferences of individual species occurring in the United States remain only partially understood (Haverty and Nelson 1997; Jenkins et al. 2000; Nelson et al. 2001; Austin et al. 2004a,b,c; Szalanski et al. 2006) . Until recently, Reticulitermes flavipes (Kollar), Reticulitermes virginicus (Banks), Reticulitermes hesperus Banks, Reticulitermes tibialis Banks, Reticulitermes hageni Banks, and Reticulitermes arenincola Goellner were the six species of Reticulitermes recognized in the Neartic Region (Weesner 1970) . More recent Þndings based on chemical and molecular characters have suggested the occurrence of at least one additional species, Reticultermes malletei, occurring in the United States (Jenkins et al. 2000 , Page et al. 2002 , Austin et al. 2007 ).
Most of the currently available data for Reticulitermes distribution in the United States is based on samples gathered from home infestations, but little is known about populations inhabiting forested environments. The need to have a better understanding of biology and infestation dynamics of the Reticulitermes species that become pests in urban environments requires more intense local sampling efforts in urban habitats and undisturbed habitats (Howard et al. 1982 , Vargo 2003 , Austin et al. 2005 , Vargo and Carlson 2006 , and more attention is needed to human activities extending into previously undisturbed woodlands (Behr 1973) .
Published records of MissouriÕs subterranean termite fauna and geographical distribution are Ͼ50 yr old (Snyder 1954) . Different sources provide conßict-ing information regarding the occurrence and distribution of species (Weesner 1970 , Nutting 1990 . Early records of termite species occurring in Missouri included R. flavipes, R. tibialis, and R. virginicus. Later, however, R. virginicus occurrence was not recognized (Weesner 1970) . Nutting (1990) mapped R. virginicus and R. hageni as occurring in an overlapping range in the southern area of the state and R. tibialis was reported as occurring widespread in the state. Recent data conÞrms the occurrence of R. flavipes throughout Missouri, but there is still a lack of information regarding the occurrence or distribution of other species (Messenger 2003 , Austin et al. 2005 . In addition, the available data do not represent all the environments in the state that are favorable for termite activity.
Differentiation among the North American Reticulitermes species is challenging because the most reliable morphological and morphometric characters occur on the adult stage that is found during only one season of the year. Characters of the soldier caste also may be used, but they often do not exhibit enough interspeciÞc variability, so identiÞcation based solely on soldier morphology is considered ambiguous (Weesner 1965) . Besides morphological and morphometric characters, chemical analysis of cuticular hydrocarbons (Page et al. 2002) , soldier secretions (Nelson et al. 2001) , and behavior (Delphia et al. 2003 have been used to differentiate Reticulitermes species in North America. Recently, molecular techniques, such as polymerase chain reaction (PCR)-restriction fragment-length polymorphism and sequencing portions of nuclear and mitochondrial genes, have been incorporated as useful techniques that allow separation of species as well as provide meaningful information regarding phylogenetic relationships of Reticulitermes from the United States (Jenkins et al. 1998 , Szalanski et al. 2003 , Foster et al. 2004 , Austin et al. 2005 .
The objectives of this research were to update the species diversity and geographical distribution of Reticulitermes species occurring in Missouri, to compare their habitat preferences, and to characterize and compare intraspeciÞc genetic diversity of populations occurring in urban and forested habitats.
Materials and Methods
Study Area. Samples of termite colonies were collected during 2004 and 2005 from nine conservation areas, nine nearby cities, and home infestations throughout Missouri. Conservation areas managed by the Missouri Department of Conservation having predominantly woody vegetation (collection permit 12414) were chosen in the northern (Platte Falls, Brickyard Hill, Union Ridge), central (Rudolf Bennit, Mark Twain N.F., Weldon Spring) and southern (Fort Crowder, Compton Hollow, Apple Creek) regions of the state (Fig. 1) . Sampling in these areas was done during spring (MayÐJune 2004) . Sampling was repeated during the fall (September 2004) for three conservation areas (Union Ridge C.A., Rudolf Bennit C.A., Mark Twain N.F.) to examine whether species composition and abundance differed from the spring sampling period. With the exception of Mark Twain N.F., where vegetation was predominantly short leaf pine (Pinus echinata P. Mill), forest vegetation in natural areas varied in composition, age, and density but mainly consisted of different species of oaks (Quercus spp.). Other species common in the areas were cottonwood (Populus sp.), willow (Salix sp.), hickory (Carya sp.) and American elm (Ulmus sp.).
Each conservation area was sampled using linear transects running perpendicular to roadways. The right or left side of the road was chosen for the Þrst transect by ßipping a coin and subsequent transects alternated from one side of the road to the other. Approximately 100 m separated transects on either side of the road from one another. In total, four or Þve transects were used for sampling in each conservation area to get 20 Ð25 samples.
Transects were 2 m wide and varied in length according to the distance needed to collect at least Þve samples. To minimize the chance of collecting multiple samples from the same colony, at least 15 m separated individual samples from one another. Samples were obtained by examining the soil underneath logs, branches, and stumps that were in contact with the soil for the presence of live termites. When living termites where observed, all available castes where collected using an aspirator and preserved in 80 Ð90% ethyl alcohol. Geographic coordinates were recorded for each sample using a Garmin GPS IV (Garmin International, Inc., Olathe, KS).
Nine cities located near the wooded conservation areas were chosen to obtain termite samples from the urban environment around homes, but not from the homes themselves. Wood piles and other wood in contact with soil in urban areas were examined for termites in Maryville, Kirksville, Platte City, Columbia, OÕFallon, Joplin, SpringÞeld, Salem, and Cape Girardeau (Fig. 1) . We call samples collected in this manner "urban samples" to distinguish them from samples obtained from infested homes. Termite collection in urban areas was done during May 2004 and 2005 and geographic coordinates were recorded.
Samples from infested homes were obtained through cooperation with 33 pest management companies across Missouri. Termite collection kits containing vials with 80% ethanol, artist brushes, Þeld data recording forms, and prepaid mailing envelopes for sending samples to our laboratory were assembled and mailed to interested companies. Fifteen of the original 33 pest management companies that agreed to cooperate returned samples to our laboratory. Besides exact address, zip code and type of infestation, each sample included the time and date of swarming when known.
In total, 611 samples were collected: 260 samples were collected in woodlands, 188 from home infestations, and 163 from urban areas. All termite samples were preserved in vials containing 80 Ð90% ethyl alcohol. Samples are kept at the Household Insect Laboratory at the University of Missouri. Forty-six of these samples remain unidentiÞed because PCR was unsuccessful and were not included in the analysis presented in Results.
Species Identification. IdentiÞcation of samples that contained alates was done following Scheffrahn and Su (1994) . IdentiÞcation of samples that did not contain alates but contained soldiers was done using morphological diagnostic keys and morphometrics for soldiers Su 1994, Hostettler et al. 1995) . Molecular sequence data also were used to conÞrm samples identiÞed using soldiers.
Molecular Characters. IdentiÞcation of samples that did not include the alate or soldier castes was done by matching the sequences obtained from a portion of the 16S rRNA gene against previously published sequences of Reticulitermes from the United States available in GenBank. The species were reconÞrmed by analyzing their grouping on separate clades by using phylogenic analysis. Samples identiÞed using soldiers were sequenced to conÞrm accuracy of the tentative identiÞcations made using morphology and to establish a reference for morphometric measures of anatomical features. Most species were also corroborated using NEB, version 2.0 (Vincze et al. 2003) to cut the sequences with the restriction enzymes DraI and TspRI and then compare the correspondence of the restriction fragments obtained with previously published sites and fragments of Reticulitermes species from the same gene and amplicon (Szalanski et al. 2003) .
To generate molecular data for Reticulitermes species occurring in Missouri that are comparable with available information from other states, we followed extraction and ampliÞcation protocols with little modiÞcation from previous studies (Austin et al. 2004a (Austin et al. ,b,c, 2005 .
To prevent masking of population variation, genomic DNA was extracted from one individual termite per colony by using the complete body (Jenkins et al. 1998 ). Following the protocol described by Austin et al. (2005) , we used the Purigene DNA puriÞ-cation system D-5000A from Gentra and DNA pellets obtained during extraction were rehydrated in 25 microliters of Tris:EDTA.
An amplicon of Ϸ428 bp from the 16S rRNA gene was targeted for sequencing by PCR using the previously established forward primer LR-J-13007, 5Ј-TTACGCTGTTATCCCTAA-3Ј (Kambhampati and Smith 1995) and reverse primer LR-N-133989, 5Ј-CGCCTGTTTATCAAAAACAT-3Ј (Simon et al. 1994) . PCR conditions were 94ЊC for 60 s, 35 cycles of 94ЊC for 45 s, 46ЊC for 45 s, 72ЊC for 45 s, and 72ЊC for 5 s. PCR reactions were conducted in an Eppendorf Mastercycler Personal by using 50 l of a master mix (PCR buffer, 10 mM; dNTPs, 0.2 mM each; 2 mM MgCl 2 primers 0.5 M each; TaqI unit) and 1 or 2 l of the hydrated DNA solution as a template. PCRampliÞed products were puriÞed using the QIAquick PCR puriÞcation kit (QIAGEN, Valencia, CA). AmpliÞed PCR products were submitted for direct sequencing in both directions to the DNA Core facility of the University of Missouri (Columbia, MO).
Contigs of individual sequences were obtained using Sequencher4.7 and/or Bioedit7 (Hall 1999) . Multiple alignments of all sequences were done using ClustalX and then manually reÞned using Bioedit7 (Hall 1999) . All Reticulitermes haplotypes were submitted to GenBank.
Data Analysis. Frequency of occurrence for Reticulitermes species was compared among habitats, localities, and geographical locations within the state using the nonparametric chi-square test. Small P values are indicative that the data were not sampled from the same distribution. Geographical location within the state was assigned based on a map of Missouri ecoregions (Nigh and Schroeder 2002b) . Several intraspeciÞc genetic variability parameters were calculated using the software DnaSP, version 4 (Rozas et al. 2003) , including nucleotide diversity per site (Pi), haplotype diversity (Hd), and TajimaÕs test of neutrality (this test is based on the fact that under the neutral model estimates of the number of segregating sites and of the average number of nucleotide differences are correlated) (Rozas et al. 2003) .
The most parsimonious ratchet tree search was performed using WinClada, version 1.00.08 (Nixon 2002) , and NONA (Goloboff 1999) to establish grouping of haplotypes on different clades and to study the phylogenetic relationships among Reticulitermes haplotypes. Coptotermes formosanus (Shiraki) (sequence AY558910) was chosen as the outgroup taxon. A maximum parsimony criterion was applied to a rachet search (Nixon 1999 ) to construct a phylogenetic tree which was tested by bootstrapping using 1,000 pseudoreplicates.
To explore intraspeciÞc relationships between haplotypes and identify relationships between ancestral and descendent haplotypes (that may not be properly inferred from traditional phylogenetic methods), a statistical approach was used to construct genealogies of haplotype networks for individual species by using TCS software, version 2.1 (Posada and Crandall 2000) . The TCS algorithm calculates the probability of a parsimonious connection between a pair of haplotypes. Connections supported with 95% probability are joined into networks as cladograms having a 95% conÞdence (Templeton et al. 1992) . hageni, and R. virginicus were identiÞed using morphological characters of alates and/or soldiers, and most of these identiÞcations were conÞrmed with molecular methods, but R. tibialis was identiÞed only by molecular methods by using pseudergates. R. flavipes, R. hageni, and R. virginicus were found in home infestations, urban environments, and woodlands, whereas R. tibialis was found only in home infestations and urban environments.
Results

Diversity and Habitat Preferences of
A signiÞcantly greater proportion of R. flavipes (70%; 358/511) than R. hageni (24.7%; 126/511) ( 2 ϭ 11.207, df ϭ 1, P ϭ 0,), R. virginicus (3.9%; 20/511) ( 2 ϭ 302.333, df ϭ 1, P ϭ 0), and R. tibialis (1.4%; 7/511) ( 2 ϭ 337.54, df ϭ 1, P ϭ 0) was found in the total number of samples identiÞed (Table 1) . R. flavipes was found in 100% of the counties from which samples were collected, whereas R. hageni was found in 42.8% (15/35), R. virginicus in 31.4% (11/35), and R. tibialis in 5.7% (2/35). R. flavipes occurred in 100% (9), R. hageni in 66% (six-ninths), R. virginicus 44.4% (four-ninths) and R. tibialis in 11.1% (one ninth) of the nine cities where samples were collected around homes. R. flavipes was found in 100% (9), R. hageni in 100% (9), and R. virginicus in 2.2% (two ninths) of woodland habitats sampled.
Individual Reticulitermes speciesÕ frequency of occurrence differed among habitats (Table 1) . In urban environments, R. flavipes was proportionally (82.4%; 122/148), greater than R. hageni (11.5%, 17/148) ( 2 ϭ 79.317, df ϭ 1, P ϭ 0), R. virginicus (4.1%; 6/148) ( 2 ϭ 105.125, df ϭ 1, P ϭ 0), and R. tibialis (2%; 3/148) ( 2 ϭ 113.288, df ϭ 1, P ϭ 0). In addition, a greater proportion of R. hageni than R. virginicus and R. tibialis ( 2 ϭ 5.261, df ϭ 1, P ϭ 0.03; 2 ϭ 9.8, df ϭ 1, P ϭ 0.001) was observed in urban environments. There was also a greater proportion of R. flavipes (87.4%; 159/182) than R. hageni (3.8%; 7/182), R. vir-ginicus (6.6%; 12 /182), and R. tibialis (2.2%; 4/182) observed in home infestations ( 2 ϭ 139.181, df ϭ 1, P ϭ 0; 2 ϭ 126.368, df ϭ 1, P ϭ 0; 2 ϭ 147.393, df ϭ 1, P ϭ 0). However, R. hageni relative frequency in woodlands (56.4%; 102/181) was greater than R. flavipes (42.5%; 77/181) ( 2 ϭ 3.492, df ϭ 1, P ϭ 0.061) and R. virginicus (1.1%; 2/181) ( 2 ϭ 96.16, df ϭ 1, P ϭ 0). R. flavipes frequency in woodlands was also greater than that of R. virginicus ( 2 ϭ 71.203, df ϭ 1, P ϭ 0). Samples from home infestations in the central region of the state (131) consisted of R. flavipes (87.8%), R. hageni (5.3%), and R. tibialis (0.76%). Samples from infested homes in the southern region of the state (182) contained R. flavipes (85.1%), R. tibialis (6.4%), and R. virginicus (8.5%). Only four samples of home infestations were collected from the northern region, and all were R. flavipes. The frequency of occurrence for R. flavipes and R. hageni did not change signiÞ-cantly in woodlands from the northern, central, or southern regions (Table 2 ). However, R. virginicus was not found in woodlands from the central region. R. hageni and R. virginicus were found farther north than previously known within the state. R. hageni was found in Atchison and Nodaway counties in the ex- The average nucleotide frequency from all sequences were T, 22.9%; C, 22.8%; A, 41.3%; and G, 13.0%. In total, 33 haplotypes were identiÞed from the 364 sequences of Reticulitermes species included in this analysis. Nucleotide variability, county of origin, and number of samples for these 33 Reticulitermes haplotypes are shown in Table 3 .
Twenty-one haplotypes of R. flavipes (GenBank accessions FJ226388 ÐFJ226408, respectively, for haplotypes RFM1ÐRFM21), three of R. hageni (GenBank accessions FJ226419 ÐFJ226421, respectively, from RHM1ÐRHM3), four of R. virginicus (GenBank accession numbers FJ226415ÐFJ226418, respectively, from RVM1 to RVM4), and Þve of R. tibialis (GenBank accessions FJ226409 ÐFJ226414, respectively, from RTM1 to RTM5) were found. Most of the haplotypes of each species differ by only one or two nucleotides. The environments with the highest haplotype diversity for each species were: R. flavipes in urban environments, R. hageni in woodlands, and R. virginicus or R. tibialis in home infestations.
Three unique haplotypes (haplotypes identiÞed from only one sample) were found for R. flavipes (two from home infestations and one from the urban environment); four unique haplotypes were found for R. tibialis (three in home infestations and one from the urban environment). No unique haplotypes were found for R. virginicus.
The most common R. flavipes haplotypes as a percentage of all R. flavipes sequences were RFM5 (33%), RFM2 (16.2%), and RFM1 (15.3%). These three haplotypes were found in urban habitats, home infestations, and woodlands. They also occurred in a high percentage of all counties sampled. Haplotype RFM5 occurred in 64% of all counties, RFM1 in 47%, and RFM2 in 44% (Table 4 ). The most abundant R. hageni haplotype was RHM2. It was found in urban environments and woodlands and was found in 82% of counties where R. hageni occurred (Table 5 ). There were no observed patterns in the relative frequency of R. flavipes in urban environments and nearby woodlands (Fig. 3) . Despite the small number of R. virginicus and R. tibialis samples, these species were very diverse in the number of haplotypes. R. virginicus haplotypes RVM1 and RVM2 occurred in two distant counties once, whereas haplotypes RVM1 and RVM3 occurred in the same county. R. tibialis haplotypes occurred in only two counties (Greene, St. Louis) that are distant from one another (Fig. 2) . Greene County had four haplotypes and St. Louis had just one haplotype, but it was unique from the other four halotypes (Table 5) .
SpeciÞc genetic variability parameters including haplotype (gene) diversity (Hd), nucleotide diversity (Pi), number of variable sites (S), number of mutations (Eta), and TajimaÕs D test of neutrality are summarized in Table 6 . TajimaÕs test (P Ͻ 0.05) conÞrmed the hypothesis of neutrality of 16s rRNA. TajimaÐNei distances ranged from 0.003 to 0.008 within R. flavipes, 0.003Ð 0.005 within R. hageni, 0.003Ð 0.041 within R. virginicus, and 0.003Ð 0.011 within R. tibialis.
The maximum parsimony analysis including the haplotypes of this study is depicted on the single most parsimonious tree (Fig. 4) . Correct grouping of the haplotypes within each species is supported by bootstrap values (60 Ð90). However, this tree shows unresolved interrelationships among R. flavipes, R. tibialis, R. hageni, and R. virginicus by using this portion of the 16S mitochondrial DNA. The matrix including all Reticulitermes species and the outgroup taxon Coptotermes formosanus Shiraki included 432 characters (385 total sites). Of these, 311 sites were invariable (monomorphic) and 38 sites were variable (polymorphic). The number of mutations at polymorphic sites was 41, and 32 of these mutations were parsimony informative.
Networks constructed using TCS 2.1 are shown in Figs. 5 and 6. Pairwise connections of up to eight mutational steps are resolved with 95% conÞdence. Based on abundance and mutational steps, haplotypes RFM5, RHM3, RVM4, and RTM2 are considered to be the ancestral haplotypes for R. flavipes, R. hageni, R. virginicus, and R. tibialis, respectively. There are loops in the R. flavipes network, which may correspond to homoplasy (convergent nucleotide substitutions), or which may be derived from sequencing error.
Discussion
R. flavipes, R. hageni, R. virginicus, and R. tibialis were found in home infestations, urban environments around homes, and woodlands of Missouri. This Þnd-ing contrasts with previous studies that either exclude R. virginicus or R. hageni (Snyder 1954 , Weesner 1970 from the Missouri termite fauna. In maps depicting the geographical distribution of R. virginicus and R. hageni in the United States presented by Nutting (1990) , the northernmost limit of occurrence of these species is southern Missouri. However, in our study we found both species occurring in a wider range that includes Atchison County, the most distant county in the northwest corner of Missouri. In contrast, R. tibialis was shown by Nutting (1990) to occur over most of the state of Missouri (excluding the southeast corner) but Dots indicate that the same nucleotide occurs at that base pair position; underscores indicate that base do not occur in haplotype; hyphens indicate that no samples from that haplotype were found in that environment.
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R. flavipes
in our study was found scarcely and never in woodlands.
Reticulitermes diversity and abundance in Missouri is similar to neighboring states Oklahoma and Arkansas where R. flavipes is the main home-infesting species and R. hageni and R. virginicus occur less frequently (Austin et al. 2004c , Brown et al. 2004 , Uva et al. 2004 ). To date, R. tibialis is not recorded in Arkansas (Austin et al. 2004c) .
R. flavipes was found occurring in all locations and environments from which samples were collected within Missouri. Its wide geographic distribution and abundance in urban environments of Missouri, agrees with the known wide distribution of this species from home infestations in the United States (Nutting 1990 , Messenger 2003 . R. flavipes was also the dominant species occurring around homes; however, it was usually less common than R. hageni in woodland areas.
R. hageni was the second most abundant species found in the state, occurring most frequently in woodlands. In fact, it was found in all the wooded areas sampled regardless of the location within the state. This study shows the Þrst records of a more northeast and northwestern occurrence of this species within Missouri than before published.
R. virginicus and R. tibialis were the scarcest species found within the state. The distribution of R. virginicus reaches a more northwestern area than formerly published for Missouri. The fact that our R. virginicus sample was collected in one forested area of Brickyard Hill C.A. and that it belongs to the more ancestral 16s RNA haplotype proposed for this species supports the probable native status of R. virginicus in this part of the state. However, given that previously this species was unknown from northern locations of Missouri and from Nebraska, an anthropogenic origin is also possible. The anthropogenic origins of this and other Reticulitermes species in different regions of the United States is discussed in the recent literature . Given that the haplotypes of R. virginicus collected from the MissouriÐNebraska border at Brickyard Hill C.A. (RVM4) and haplotypes from Nebraska (RVM2) are different, it is possible that each may have a different origin.
Reticulitermes tibialis was not found in woodland samples in this study. This result strongly contradicts the published wide distribution of R. tibialis within the state and instead suggests introductions associated with home infestations. There are only two previous records of R. tibialis occurring in or near Missouri: one record in Quincy, IL, and the other record in the northwest near the border of Missouri and Kansas (Messenger 2003 ). Both of these records were associated with home infestations.
Flight records in Missouri have suggested that R. hageni and R. virginicus overlap in the southern region Percentage of all R. ßavipes samples that belong to each haplotype also is shown. Percentage of all samples of each species that belong to a haplotype also is shown.
of the state (Nutting 1990 ). According to our study, these two species occur in overlapping regions along with R. flavipes (with the exception of the northeast limit of the state in which R. virginicus was not found). R. virginicus was found less frequently within our samples but its geographic range in Missouri still seems to overlap with R. hageni and R. flavipes.
There are no previous records of the relative frequency of Missouri Reticulitermes species in woody areas or forests of Missouri and neighboring states and there are few comparable records from any other states. The closest records are from the Delta of Mississippi and South Carolina forests where R. flavipes and R. virginicus are the predominant species (Gentry and Whitford 1982, Howard et al. 1982) , unlike Missouri where R. hageni and R. flavipes dominate woodlands. R. hageni and R. virginicus were found more frequently in woody areas than in urban areas and this agrees with observations from states where these species are more common in undisturbed habitats or areas where forests are prevalent (Gentry and Whitford 1982 , Howard et al. 1982 , Austin et al. 2004a .
It is known that abiotic factors may affect the frequency of surface foraging in sympatric species of subterranean termites (Kofoid 1934 , Houseman et al. 2001 , Houseman and Gold 2003 . Individual Reticulitermes species respond differently to moisture and temperature. For example; changes in soil temperature and humidity, as a result of autumn rain, stimulate foraging activity of R. tibialis but diminish foraging of Amitermes sp. (Kofoid 1934) . R. flavipes tolerates higher levels of moisture than R. hageni or R. virginicus and may survive better in environments favoring damp conditions (Forschler and Henderson 1995 moisture in the soil proÞle. R. hageni seems to be more active in dry and warmer periods, whereas the opposite is observed for R. flavipes (Houseman et al. 2001) . Intraspecific Genetic Variability of Reticulitermes from Missouri. Nine novel R. flavipes haplotypes were found in Missouri (differing for at least two nucleotides from others already listed). Twelve of the 21 R. flavipes haplotypes in Missouri are already listed in the 47 R. flavipes haplotypes known to occur in North America (Austin et al. 2005) .
The number of haplotypes of R. flavipes found in Missouri seems high compared with the number of haplotypes known to occur in nearby states. Studies report 13, 10, 11, and six haplotypes for Texas, Oklahoma, Arkansas, and Louisiana, respectively. However, the number of locations analyzed in those states (Austin et al. 2004c ) is Ͻ30% of the number we analyzed from Missouri, and most of them correspond to home infestations.
Haplotypes RFM1, RFM2, RFM3, RFM4, RFM5, RFM7, RFM15, RFM18, and RFM20 are highly similar (99 Ð100% nucleotide coincidence) to Austin et al. (2005) haplotypes: P, Q, M, S, F, Z, V, J, and JJ, respectively. Six of these haplotypesÑP, Q, M, F, R, J, and UÑalso occur in Oklahoma; haplotypes M, F, J, R, and Q also occur in Arkansas; haplotypes P and R occur in Louisiana; haplotypes P, M, and F are found in Kansas; haplotypes P and F are in Nebraska; and haplotypes M and F are in Tennessee (Austin et al. 2004a (Austin et al. ,c, 2005 . Unfortunately, only one haplotype is known from Illinois and therefore not enough information to compare the extent of R. flavipes haplotypes from Missouri farther toward the east (Austin et al. 2005) .
The low intraspeciÞc variability observed within R. hageni at the haplotype level when analyzing 16s rRNA from samples of urban environments is similar to populations from woodlands. In our study, we found the same two haplotypes occurring in woodland and urban environments, which are also two of the three R. hageni haplotypes recorded from North America. Haplotype RHM2 from Missouri is equivalent with haplotype H1 and haplotype RHM3 is equivalent with H2, whereas no equivalent was found in Missouri for H3 (Austin et al. 2004a) .
Two of the four R. virginicus haplotypes found in Missouri are known to occur in other states. Our RVM2 is equivalent (99% nucleotide coincidence) to V1 found in Arkansas (Austin et al. 2004b ), Texas (Austin et al. 2004b) , and Oklahoma (Austin et al. 2004a) , and also was recently recorded in Nebraska (Austin et al. 2004b ). Our RVM4 is equivalent to V3 found in Arkansas (Austin et al. 2004c ). The level of nucleotide and haplotype diversity observed for R. virginicus is similar to R. flavipes.
R. tibialis exhibited the highest haplotype and nucleotide diversity relative to the number of samples. Each sample collected in this study represented a different haplotype. Haplotype RTM2, 4, and 1 correspond (99% coincidence) with haplotypes T7 found in Texas, Oklahoma, and Kansas and T33 and T36 found in the American Great Plains; in addition, haplotype RTM3 showed 99% coincidence with T6, T4, T35, T36,T33, T32, T7, and T5 (Austin et al. 2004a (Austin et al. ,b, 2006 . Haplotype RTM4 is identical to haplotype T7 from Austin et al. (2004b) .
The more frequent haplotypes of R. flavipes or R. hageni found in Missouri urban environments and woodlands did not exhibit geographic or habitat isolation. This Þnding is consistent with previous studies in which no geographic structure of 16S rRNA based haplotypes have been reported for R. flavipes involving either regional areas like nearby states or extensive areas such as populations from across the United States (Austin et al. 2004a (Austin et al. ,b,c, 2005 . The lack of geographic structure of R. flavipes haplotypes in the United States has been discussed by Austin et al. (2004c) and may be attributed to several factors, including the probable effects of anthropogenic activities, lack of nest mate agonistic behavior (Bulmer and Traniello 2002) , ability to hybridize and fuse colonies (Clement 1986 Fig. 4 . Single most parsimonious tree based on the mtDNA 16SrRNA gene by sing a ratchet search with Winclada (Nixon 2002) and NONA (Goloboff 1999) . Bootstrap values for 1,000 pseudoreplicates are listed at the branches supported at Ն50%. C. formosanus (AY558910) was used as the outgroup taxon.
sharing interconnected history through gene ßow (Avise et al. 1987 , Jenkins et al. 1998 , and recent population bottlenecks.
Few studies have addressed the genetic variation of populations of Reticulitermes occurring in both urban and forested environments. In our study, R. flavipes and R. hageni are the predominant species in forested areas with apparent differences related to preferences of foraging season. However, in general they share the same geographic locations and resources year long. R. flavipes has the highest number of haplotypes in both urban and forested habitats compared with R. hageni. Even within individual transects in woodlands during this study R. flavipes was composed of several different haplotypes, whereas normally only one R. hageni haplotype was found (RHM2). It is known that independent colonies of Reticulitermes formed by primary reproductive pairs can divide by budding after some time. Isolation mechanisms may differentiate these colonies from their ancestor and give rise to different haplotypes at that location (Nobre et al. 2006) .
Additional explanations may be found when examining colony level diversity, but our genetic analysis is unable to determine whether each sample belonged to a different colony. However, characteristics of the breeding systems of these two species as revealed by genotype analysis at the microsatellite level may help explain the nature of haplotype variability observed within R. flavipes and R. hageni (Vargo 2003, Vargo and Carlson 2006) . Most colonies of R. hageni and R. flavipes from urban and forest environments are single families founded by pairs of primary reproductives. There are probably some extended families headed by neotenic reproductives and possibly a few mixed families originating from colony fusion. It may be important to consider the relatively smaller distances over which R. hageni reproductive pairs will disperse. This may lead to a greater level of inbreeding in simple family colonies, smaller population sizes and signiÞ-cant structuring of its local populations (Vargo 2003, Vargo and Carlson 2006) .
Our study suggests that most of the Reticulitermes populations inhabiting MissouriÕs urban environments likely originated from populations occurring in forests of Missouri given that the more frequent haplotypes of Reticulitermes in our study were found in woodlands and the urban habitats sampled. For example, the most abundant haplotype of R. flavipes (RFM5) has a wide distribution within the state as well as in neighboring states and corresponds to one of the most ancestral haplotypes of R. flavipes based on haplotype network analysis Templeton 1993, Posada and Crandall 2001) . Haplotype RHM3 from R. hageni and haplotype RVM4 from R. virginicus that were found only in MissouriÕs woodlands also were considered to be as the most ancestral relative to other haplotypes identiÞed. However, it is interesting to note that there are several R. flavipes haplotypes that only occur in home infestations or around homes. These may correspond to introductions or anthropogenic origins.
